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Abstract
The Mozart Effect refers to the theory that exposure to classical music will make people more
intelligent. This theory was inspired by Rauscher, Shaw and Ky (1993) who found spatialtemporal reasoning improved in college students after exposure to a Mozart sonata. Thompson
and Schellenberg (2001) confirmed this finding however discovered individual differences in
arousal was a mediating factor. Nantais and Schellenberg’s (1999) also confirmed the results of
Rauscher et al. (1993) except they found advantages were from individual differences in music
preference. The present study explored whether the benefits of classical music extend to other
memory processes such as recall, while considering individual differences. To test this, 56 firstyear psychology students completed Eyesenck’s Personality Inventory (Eysenck & Sybil, 1963),
the Barcelona Music Reward Questionnaire (Mas-herrero, Marco-pallares, Lorenzo-seva,
Zatorre, & Rodriguez-fornells, 2013), and a music experience questionnaire. Participants then
were exposed to a three-minute Mozart excerpt from the “Eine Kleine Nachtmusik – Allegro”
that was either slow, regular or fast tempo, then completed an immediate recall task. Participants
received a 16-word list for 2 minutes, then wrote what they could recall. A 2X2X3 ANOVA
showed no significant main effects, no interaction effect for tempo X music reward, extraversion
X music reward, or for tempo X music reward X extraversion. A significant interaction effect
was found for tempo X extraversion. Independent t-tests found low extraversion people
performed significantly better with regular than the slow tempo and that low extraversion people
performed significantly better than high extraversion people with regular tempo. Implications,
limitations and future directions are discussed.
Keywords: extraversion, sensitivity to music reward, tempo, word recall
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Introduction
Music is common in the environments most of us live in. By definition, music is the art
of ordering tones or sounds in succession, in combination, and in temporal relationships, to
produce a composition having unity and continuity (music, n.d.). For example, it can be heard in
countless places, including in the stores in which we shop, in our vehicles when we drive, or on
our cellphones when we exercise. Music can be used for calming purposes like relaxation before
bedtime, or for excitation purposes like increasing one’s energy level before a race. Research has
shown people expose themselves to music for mood and arousal regulation, to achieve selfawareness and as a way to express social relatedness (Schafer, Sedlmeier, Stadtler, & Huron,
2013).
Exposure to music, such as classical music, can be associated with improved brain
function. This phenomenon is often referred to as the Mozart Effect. Many products and
programs have been created for since the 1990s based on the idea that classical music improves
brain function. During this time, the Governor of Georgia helped establish a program that
provided classical music CDs to new mothers to stimulate brain development in infants
(Georgia’s Provision, 1998). In addition, the State of Florida passed legislation requiring daycare
programs for infants and young children to provide daily activities fostering brain development,
including exposing the children to classical music (Infants, 2012). To capitalize on the trend,
Don Campbell trademarked the “Mozart Effect” in 2016 for use in his best-selling book and CD
series (The Mozart Effect, 2016). The “Mozart Effect” trademark, which remains active, is
defined as “an inclusive term signifying the transformational powers of music in health,
education and well-being” (Mozart Effect, n.d.).
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Rauscher et al. (1993) conducted the research that first inspired the Mozart Effect
phenomenon. Their research significantly changed the way people conceptualized and used
classical music. The authors’ study involved 36 college students who were exposed to either one
of Mozart’s sonatas in D-major, a relaxation tape, or silence, followed by the completion of a
spatial memory task. The results showed that students who had been exposed to the Mozart piece
had enhanced performance on the spatial task and higher task-related IQ scores compared to
those who were exposed to either the relaxation tape or silence. These researchers posited a
causal relationship between exposure to music and task performance. They published their
results in Nature, which inspired the coining of the term “Mozart Effect” by journalists and the
general public.
The finding by Rauscher et al. (1993) that music improved certain types of task
performance was both popular and controversial. Since their pilot study, several researchers
have attempted to replicate and expand their findings. Many studies were able to replicate the
effect that exposure to classical music improved spatial task performance (Rauscher, Shaw,
Levine & Ky, 1994; Thompson & Schellenberg, 2001). Although several studies found similar
results as Rauscher et al. (1993), the mediating variable for the cognitive effects was often found
to be not music but rather other factors such as individual differences in arousal (Thompson &
Schellenberg, 2001), individual differences in music preference (Nantais & Schellenberg, 1999)
and tempo (Husain, Thompson, & Schellenberg, 2002). The finding that many non-music factors
are responsible for the Mozart Effect indicates the need for further evaluation into stable traits
such as individual differences. A meta-analysis by Chabris (1999) led to the conclusion that the
Mozart Effect was due to differences in arousal. Chabris (1999) concluded that individual
differences in general arousal and music-related arousal responses all played a large role in the
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effects of music on cognitive task performance. The present research was designed to further
explore the role of individual differences in arousal and the ability to perceive music experiences
as rewarding on recall.
One way in which individuals can fundamentally differ in arousal levels is as a result of
their levels of extraversion. Eysenck’s Personality Theory posits that people high in extraversion
have lower cortical arousal at rest compared to people low in extraversion (Eysenck, 1967).
Eysenck’s theory emphasized that individuals high in extraversion tend to seek external sources
of stimulation to help them reach their ideal arousal level. Conversely, individuals with lower
levels of extraversion are expected to have higher arousal naturally, so excess external
stimulation can be exhausting. From Eysenck’s Personality Theory one can predict that
individuals high in extraversion are more likely to experience cognitive benefits from music in
cognitive tasks, whereas individuals low in extraversion may not experience these benefits to the
same extent. Another way to understand Eysenck’s Personality Theory is by comparing it to the
Yerkes-Dodson Law. This Law posits that individuals have an optimal performance level, and
that too much arousal or too little can cause poor performance (Yerkes & Dodson, 1908).
Eysenck’s theory allows one to predict that people low in extraversion reach their optimal
performance level more easily than people high in extraversion. This difference in optimal
performance peak is predicted to be responsible for differences in improved cognitive effects
post music exposure.
Music preference refers to what type of music a person most enjoys. Schäfer and
Sedlmeier (2010) found that the main determinants of a person’s music preference were the
cognitive effects of the music (i.e., music as a method of communication and self-reflection) and
the arousal effects elicited by the music. This finding showed that there was a relationship

4
between how one experiences music and subsequent cognitive effects. Ferreri and RodriguezFornells (2017) determined that music-related reward responses predicted better memory recall.
Specifically, they found that music rated as more rewarding was significantly better recognized
and remembered. Sensitivity to music reward is a dimension that can be measured to assess
individual differences in response to musical experiences. The research by Schäfer and
Sedlmeier showed that how receptive someone is to music reward can predict their arousal
response to music.
Degree of extraversion, sensitivity to music reward, and response to tempo can be viewed
as manifestations of individual differences in arousal. Previous research has determined that
arousal contributes to improved spatial task performance (Thompson & Schellenberg, 2001). The
researchers did not, however, examine what type of sources of arousal might have influenced the
differences in spatial performances. In the present study, I predict that individual differences in
extraversion, sensitivity to music reward, and manipulations to tempo all predict better recall.
Specifically, people high in extraversion and sensitive to music reward are predicted to show
greater word recall after exposure to fast tempo music compared to slow tempo music.
There currently exists a gap in the literature studying the effects of individual differences
in arousal and sensitivity to music reward and music tempo on cognitive tasks, specifically
memory tasks. While there is some research on the effect of tempo on recall, it has not been
studied while considering extraversion and music reward sensitivity. This present study has been
designed to further explore the Mozart Effect, with a focus on individual differences in
extraversion, response to music reward and different music tempos. In the literature review
below, possible explanations for why extraversion, sensitivity to music reward, and tempo may
be related to word recall are discussed.
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Literature Review
Music and recall
Previous research has shown conflicting results about the relationship between exposure
to classical music and improved recall. It appears there is a lack of a unified approach in this area
of study. Some studies have confirmed that classical music played before a cognitive task
improves performance (Rauscher et al., 1993; Rauscher et al., 1994; Thompson & Schellenberg,
2001), but only in spatial-temporal tasks. Rauscher et al. (1994) confirmed that although classical
music improved spatial-temporal task performance, no improvement was found on a recall task.
They also concluded that repetitive music styles such as minimalist music, story, or dance music
had no effect on spatial task performance. Although these studies all confirmed an effect of
music on cognition, they found different reasons for the outcome. Several aspects of the findings
by Rauscher et al. (1993) have faced criticism. The length of the time for which the Mozart
music influenced spatial-temporal tasks is one area of concern. Rauscher et al. (1993) found that
the Mozart Effect only lasted 10 to 15 minutes, which does not support the idea of a long-term
effect of classical music. Although the researchers claimed to have found no order effects or
experimenter bias, they did not discuss the possibility that the non-Mozart music conditions
could have impaired memory. However, they suggested that the length of music exposure, music
complexity, other measures of general intelligence (e.g., short-term memory) and musical
experience could influence cognitive task performance. One of the most notable concerns of the
findings by Rauscher et al. (1993) is the generalizability of the results. They inferred a casual
relationship between exposure to classical music and cognitive abilities related to abstract
operations like math and spatial reasoning. Some researchers including Husain et al. (2002) as
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well as Nantais and Schellenberg (1999) were able to repeat the findings of Rauscher et al.
(1993), whereas others refuted their original findings. Steele, Bass and Crook (1999) performed
an exact replication of the original study by Rauscher et al (1993). They failed to produce a
statistically significant Mozart Effect and failed to find an effect size that indicated practical
significance. Previous studies revealed that music definitely affects at least some memory
processes; however, there is limited consensus on which processes are influenced by which
factors, consistently. It is challenging to compare different studies involving the effects of music
and memory when there is significant inconsistency across the types of music used and types of
measures of memory. Thus, there appears to be a need for research that better controls the type
of music used and type of memory task used.
The extent of the benefits of music on memory has been found to depend on factors such
as music complexity, tempo, rhythm, and melody (Fererri & Verga, 2016). A possible
explanation for this is that different aspects of music complexity affect different aspects of
cognitive processing, which might lead to different cognitive outcomes. There is evidence that
individual factors such as susceptibility to arousal and listener preference toward a music piece
mediate recall. Nantais and Schellenberg (1999) replicated and expanded on the findings of
Rauscher at al. (1993). They confirmed the original findings and determined that any cognitive
benefits disappeared when the participants in the music condition were exposed to a narrated
story instead of silence. They discovered cognitive performance was a function of listener’s
preference (music or story) and that better performance was seen when listeners were exposed to
their preferred audio type. Their findings show that whether someone likes a piece of music can
predict the effect of that music on performance on a cognitive task.

7
Thompson and Schellenberg (2001) evaluated the role of enjoyment, arousal, and mood,
as mediators of the Mozart Effect. The researchers wanted to determine whether the cognitive
improvements after exposure to Mozart music were due to individual differences in arousal and
mood. They discovered that when individual differences in enjoyment, arousal and mood
measures were kept constant using statistical methods, the Mozart Effect disappeared. They
proposed that the Mozart Effect is the consequence of arousal and mood changes. Their findings
suggested that individual differences in arousal can predict differences in cognitive performance.
Tempo and recall
One reason Rauscher et al. (1993) used Mozart music in their research was because of its
known complexity. In their original study, the researchers predicted that music lacking
complexity or with high repetition, would likely interfere with cognitive processes rather than
enhance them. Percino, Klimek and Thurner (2014) considered music complex if it showed the
property of having both high variety and low uniformity in instrumentation. According to Streich
(2006), “Twinkle, Twinkle, Little Star” is low complexity compared to the much more complex
“Pr´elude a L’apr`es-midi D’un Faune” by Debussy.
Tempo is the speed at which music is played and is the Italian word for “time.” Tempo
helps music composers better convey their feelings to the audience, such as feelings of intensity
and relaxation. Tempo is strongly related to the musical element of rhythm. Tempo is rarely
static; rather, it is constantly changing in classical music and this helps create interest for the
listener. Tempo can be slow, or fast, and may vary within one music piece. According to
Fernandez-Sotos, Fernandez-Caballero, and Latorre (2016), tempo helps listeners interpret music
in an organized manner, and tempo is the basis on which melodic-harmonic lines are built.
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Complex music is the type of music often associated with improving cognitive function,
such as is seen in the Mozart Effect. Past research has shown that the type of music an individual
is exposed to can affect recall. Tempo, which typically varies by genre, can play a role in music’s
ability to affect memory. Bugter and Carden (2012) evaluated the effect of different music
genres on a memory task. Participants were exposed to rap music, classical music or silence
while playing the card game Concentration. In Concentration, players take turns flipping up two
cards on each turn with the goal of flipping up two identical cards. Non-matching card pairs are
flipped back face down. Matching pairs are removed from the table. The game continues until
all pairs of cards have been removed. The winner is the person with the most card pairs. The
number of flips required to complete the game was measured and used as the memory score.
Bugter and Carden found that those exposed to classical music during the game required fewer
flips to win, indicating greater memory for card locations. One limitation of this study is that
although the results revealed which music type facilitated recall, mediating factors were not
explored. It is important to be aware that this study used different tempos of music during the
memory task rather than prior to the memory task. Most available research on tempo has used
music as a background feature. No relevant research was found involving the role of tempo when
is played prior to a memory task. The generalizability of the past research should be interpreted
with caution. There may be differences in the memory outcomes when different tempo music is
played prior or post task. Bugter and Carden (2012) also failed to control for the presence of
lyrics, which may have affected the outcome.
The present study was designed to evaluate the effects of tempo on recall. Past research
on the effects of tempo on recall has shown mixed results. Some studies have found
improvement in recall due to exposure to music with a faster tempo. Ting and Karthigeyan
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(2009) studied the effects of three music tempos (60 bpm, 120 bmp, 165 bpm) versus a no-music
control on recall when two different learning strategies were used (maintenance rehearsal versus
imagery techniques). They found that participants achieved the highest recall in the 120-bpm
condition as compared to all of the other conditions, which, did not differ regardless what task
type. Husain, Thompson and Schellenberg (2014) studied the effects of tempo and mode on
spatial ability. They recorded a Mozart sonata and edited it to produce four versions that varied
in tempo (fast or slow) and key (major or minor). Participants were exposed to one of the four
altered sonatas and completed a measure of spatial ability. Results showed improved
performance on the spatial task after exposure to music at a fast rather than a slow tempo. Sibley
(2007) studied the effects of tempo (fast and slow), and vocal and non-vocal background music
on recall in individuals with high and low extraversion. They found a main effect for music
condition. People low and high in extraversion both recalled more words in the fast tempo vocal
music condition. These studies all determined that fast tempo has an influence on subsequent
task performance; however, this influence may depend on whether the music was in the
background or played separately or prior to a task. This distinction is important because
background music may have distraction effects, in addition to influencing arousal. Husain,
Thompson and Schellenberg (2002) studied the effects of classical music on spatial task
performance while controlling for music tempo and key. Participants were exposed to a Mozart
sonata altered in tempo (fast or slow) or key (major or minor), and then measured spatial ability,
arousal and mood. They found superior performance by individuals who were exposed to music
at a fast tempo and when the music was in a major key. The researchers also concluded that
tempo modifications affected arousal but not mood. The findings of Thompson and Schellenberg
(2002) findings suggest that manipulating tempo can affect cognitive ability by altering arousal.
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Some studies have found music with fast tempo worsens recall or has no effect. Mailov
(2011) exposed participants to music with fast and slow tempos and to no music at all while they
made duration estimations and content recall of a video advertisement. The results showed
performance on the recall task was significantly lower in the slow tempo condition whereas no
significant differences were found in recall for the fast tempo and no music conditions.
Conversely, other studies have found no significant effect of tempo on recall. Isarida,
Kubota, Nakajima and Isarida (2017) re-examined the mood-mediation hypothesis for explaining
background-music-dependent effects in free recall. In one of their experiments, participants
learned a list of 20 unrelated words presented one by one for 5 seconds and then received a 30-s
delayed oral free-recall test. Music was played throughout both the study phase and the testing
phase. During recall, one third of the participants received the same piece of music with the same
tempo as at study, one third were exposed to different piece with the same tempo, and one third
were exposed to a different piece with a different tempo. The condition of the same piece with a
different tempo or tonality was intentionally excluded. Isarida et al.’s (2017) results showed no
effect of music tempo, only a background-music-dependent effect on word recall.
Jurkovic, Anderson, Myklejord, Levin and Lotz (2013) studied whether an individual’s
memory improved while exposed to music with a varied tempo. For the memory test,
participants engaged in an online pattern-recall exercise. Participants were exposed to either fast
or slow tempo music or to no music. Results showed there was no statistically supportive
evidence that music tempo affected pattern retention. Jurkovic et al.’s (2013) results showed that
in some circumstances music tempo has no significant effect on memory.
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Extraversion and recall
The extraversion dimension of personality is related to how individuals respond to music
(Vella & Mills, 2017). Extraversion has a relationship with what type of music individuals prefer
exposing themselves to (Vella & Mills, 2017). It can explain how a person responds to arousal
from different activities (Eysenck, 1967). Whether using the Big Five Personality assessment
method or using the Personality Inventory by Eysenck (1967), research has consistently shown
that extraversion is related to music preference (Tully, 2012; Vella & Mills, 2017; Miranda,
Morizot, & Gaudreau, 2010). Eysenck and Eysenck (1967) proposed that a person’s arousal level
depends on their extraversion levels. Their theory predicts that these individual differences in
preferred arousal levels can lead to interaction effects with background noise type and task type.
Furnham and Allass (1999) evaluated the effects of complexity in background music on
performance on four tasks completed by individuals considered high and low in extraversion.
Background conditions used were simple music, complex music, or silence. All participants
completed a comprehension test (which tested understanding after reading a text), an observation
task and a recall task (immediately or delayed by six minutes). In the observation task,
participants saw patterns with a piece removed and had to choose the correct missing piece from
eight choices. For the recall task, participants saw twenty familiar objects as simple line
drawings and had to recall the name of the objects. With respect to the reading comprehension,
no main effect of extraversion, no main effect of music condition, and no interaction between
these two variables was found. The observation test revealed no main effect of extraversion or
background music; however, it found an interaction effect between music and extraversion. In
the memory test with immediate recall, a strong main effect for extraversion was found but no
main effect of music emerged, and again an interaction between extraversion and type of music
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was revealed. Those low in extraversion scored highest after silence and lowest after the
complex music, whereas the opposite was true for those high in extraversion. This finding is
consistent with Eysenck’s theory, which states that those low in extraversion do not need as
much external arousal for optimal functioning. In the memory test for delayed recall, there was a
marginally significant main effect of extraversion and no type of music effect, but there was an
interaction between these two predictor variables. The delayed recall results showed that those
low in extraversion scored worst in the complex music condition whereas those high in
extraversion scored best. A paired samples t-test was conducted on the distraction levels reported
by participants. A significant difference was found in the presence of complex background
music, but not when music was simple or low in complexity. An independent samples t-test
showed that participants low in extraversion thought complex music was significantly more
distracting than simple music whereas participants high in extraversion did not report any
significant difference in distraction between music types. These results continue to be consistent
with the arousal differences in individuals with high and low extraversion proposed by Eysenck
(1967).
Similar to Furnham and Allass (1999), Furnham and Bradley (1997) studied immediate
recall and delayed recall in individuals with high and low extraversion who were exposed to
background music or silence. They found both personality styles performed worse in the
presence of music in immediate recall. Results of the delayed recall task showed participants low
in extraversion with background music did significantly worse than those in the same condition
and in the silence condition. These findings demonstrate that the dimension of extraversion can
predict recall in the presence of background music. Most studies in the area of extraversion have
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focused on background music, which has been shown to have distractive effects (Furnham &
Allass, 1999; Furnham & Bradley, 1997).
The effects of background music on individuals with high and low extraversion have
been found to be different in non-North-American populations. Kou, McClelland and Furnham
(2018) tested Chinese participants who primarily spoke Mandarin and were without long-term
foreign experiences. They studied the effects of varying levels of background music and
extraversion level. Background conditions used were Chinese pop songs, background office
noise, and silence. Results showed no main effect of background noise on cognitive test
performance (math and reading tasks), and no interaction effect between extraversion and
background music. Kou et al. (2018) hypothesized that Chinese people are more used to noisy
backgrounds thus less affected by sounds when performing complex cognitive tasks. This
finding suggests habituation can potentially overcome the cognitive effects of background music
on different extraversion levels.
Something to be cautious of when making generalizations from the research conducted
on extraversion and music is whether the music was played before or during a task. Ideally,
previous research should have focused on the recall performance post-exposure music; however,
limited studies of this nature were found. Past research has suggested that music played during a
task can have a distracting effect on recall (Furnham & Allass, 1999; Furnham & Bradley, 1997;
Kou et al., 2018). Research involving the effects of music during a task on recall was included to
add to the depth of the present study literature review. Some aspects of such previous research
could potentially be applicable to the present study. To summarize, he cognitive effects of music
may be different depending on whether music is played before or during a task.
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Sensitivity to music reward and recall
Sensitivity to music reward is another way to refer to the individual differences in
response to music. Although exposure to music is typically thought of as a pleasurable
experience, some people may find it more enjoyable than others do. Mas-Herrero, MarcoPallares, Lorenzo-Seva, Zatorre and Rodriguez-Fornells (2013) proposed that the music reward
experience contains five factors: music seeking, emotion evocation, mood regulation, social
reward and sensory-motor. They created The Barcelona Music Reward Questionnaire (BMRQ),
which can be used to study individual differences in music perception and overall sensitivity to
music.
The BMRQ allowed researchers to advance studies in the area of music reward response
and memory. Prior to the BMRQ, few studies evaluated the role of sensitivity to music reward on
memory. Ferreri and Rodriguez-Fornells (2017) used the BMRQ to investigate whether musicrelated reward response could modulate episodic memory. Participants both rated (in terms of
arousal, familiarity, emotional valence and reward) and were exposed to, unfamiliar classical
music excerpts. Participants were exposed to 24 excerpts lasting 20 seconds each. After 24 hours
their memory was tested. Participants were exposed to 24 old and 24 new music excerpts lasting
ten seconds each. Participants were tested on recognition (prior exposure vs no prior exposure).
If the participant indicated they had been exposed to an excerpt before, they had to indicate a
reason. Participants had to indicate whether they remembered something specific about the study
episode, somehow knew they have had exposure to the song before or if they guessed. Results
showed that excerpts rated by participants as more rewarding were significantly better
recognized and remembered.
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Lim and Park (2018) studied the effects of music on arousal and cognitive performance.
Participants performed four different music-related tasks and one non-musical task. Participant
ability to recall lyrics was measured, as well as their perception of enjoyment of the music. The
researchers found that changes in arousal after a music task were related to enjoyment of the
music task, and that this enjoyment mediated the relationship between arousal and recall by
predicting recall. Although enjoyment was suggested as the mediating variable, differences in
arousal could have led to differences in enjoyment. They concluded that a person’s ability to
enjoy a music experience plays an important role in the relationship between music-induced
arousal and memory. Although Lim and Park (2018) did not evaluate sensitivity to music reward
directly, their results emphasize the importance of being able to enjoy and be rewarded from
music.
Present experiment
The present study will explore the role of music reward sensitivity, tempo and
extraversion as predictors of recall. Music reward sensitivity and extraversion are quasiindependent variables not manipulated by the researcher innate to participants, whereas tempo
was manipulated by the researcher. Degree of extraversion will be measured using the Eysenck
Personality Inventory (EPI) created by Eysenck and Sybil (1963). Degree of music reward
sensitivity will be measured using the BMRQ created by Mas-Herrero et al. (2013). Previous
research has shown that that music reward sensitivity and extraversion both can predict recall,
but the research has offered mixed conclusions about the role of music tempo in predicting
recall. No study thus far has been conducted that evaluates the effect of tempo on recall while
also considering variability in music reward sensitivity and extraversion. The present study will
vary music tempo to stimulate cognitive arousal, which may interact with individual differences
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in extraversion and music reward sensitivity. It is predicted there will be an extraversion x
sensitivity to music reward x tempo interaction. It is also predicted that individuals high in
extraversion, high in music reward and who are exposed to fast tempo music before a recall task
will perform best.
This present research is meaningful because it might reveal interaction effects that can
help better understand the influence of music tempo on recall. Results could also reveal
information that can help better understand why previous studies were not successful in finding
effects of tempo on recall. This research idea was inspired by one of the future direction
suggestions made by Ferreri and Verga (2016) in their literature review. They suggested testing
special populations, such as individuals who receive little to no enjoyment from music (e.g.
people with music anhedonia) as well as individuals with different responses to arousal (e.g.,
people with high and low extraversion). They believed that testing these groups would help
better determine the extent to which the reward system is responsible for music-related memory
facilitation. This can facilitate results generalization, as there will be fewer confounding
variables like extraversion and music preference.
Method
Participants
The participants were 56 students recruited through the SONA system at Huron
University College. The SONA system is cloud-based participant pool software for universities.
Students recruited from the SONA system were all enrolled in a first-year psychology course and
were compensated with one research participation credit toward their grade in the course. All
data collected were usable for the study and no participant data were excluded. The final sample
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was 56 participants. No demographic information was collected, only information relevant to
extraversion, music reward sensitivity and music experience. Information regarding music
experience was collected in case it was determined to be a confounding variable requiring further
evaluation.
Materials
The music excerpt selected for the study was from the piece called “Eine Kleine
Nachtmusik – Allegro – 1° Mov” composed by Wolfgang Mozart and played by the Soundiva
Orchestra. The music content selected was the first one and a half minutes of the piece. It was
selected based on its higher complexity and tempo, which are factors important to the study. The
three music excerpts exposed to all participants were controlled for content, length, melodic flow
and volume with only the tempo being manipulated. To control for the length of music content
participants were exposed to, those assigned to all tempo conditions were exposed to the same
one and a half minutes of content at regular tempo. The music excerpt was cut exactly at one and
a half minutes because it was the end of a melodic line. This was done to ensure good melodic
flow in the music for participants hearing modified tempos and to better conceal the fact that the
music was cropped. Slow tempo participants were exposed to the music slowed down by 50%
(once repeated in 3minutes), whereas fast tempo participants were exposed to the music sped up
by 50% (three plays in 3 minutes). Regular tempo participants were exposed to the music
without tempo modifications (two plays in 3minutes). A 50% percent tempo change was selected
because it was judged by me to result in music that still sounded natural to the experimenter. It
was impractical to replicate previous studies involving tempo, such as the research of Husain,
Thompson and Schellengberg (2002) due to resource and technical limitations. They had a
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skilled pianist play Mozart sonata sheet music at a regular tempo of 110 bpm and digitally
altered it to a fast tempo (165 bpm) and slow tempo (60 bpm) music excerpt.
The word list used was created by Walker and Hulme (1999) and used in their own
experiments on word concreteness and short-term recall. The word list contains 16 five-letter,
one-syllable words.
The Eysenck Personality Questionnaire (EPI) (Eysenck & Sybil, 1963) asked yes or no
questions about lifestyle and personality preferences of the participant. The present study used
the EPI Version A. Participants answered 57 “yes or no” questions related to personality
including measures of neuroticism, extraversion and lying. Test-retest reliabilities for the EPI are
satisfactory ranging between .84 and .94 for the complete test and between .80 and .97 for the
separate forms (Eysenck, 1968). Gabrys (1982) evaluated the validity of the EPI using an
outpatient population. The conclusion was that EPI results for outpatients showed similar
validity and reliability information as data published for randomized samples. Regarding
coefficients for construct validity, the data for 577 adults correlated -.13 for Extraversion and
Neuroticism scores and, -.80 for Extraversion and Lie scores (Gabrys, 1982). It was also found
that internal consistency of the EPI was .89 for Extraversion.
The BMRQ by questionnaire (Mas-herro et al., 2013) used to measure music reward
asked participants to rate on a numeric scale their views on various music related activities. Two
example statements from the BMRQ: “In my free time I hardly listen to music” and “I inform
myself about music I like.” Music reward score was determined by adding up the ratings for all
20 statements. For the music reward sensitivity questionnaire, participants rated how much they
agreed or disagreed with 20 statements. The statements were rated from 1 to 5. Ratings of 1
meant “completely disagree”, ratings of 2 meant “disagree”, ratings of 3 meant “neither agree
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nor disagree”, ratings of 4 meant “agree” and ratings of 5 meant “completely agree”. The overall
reliability of the test was found to be r = .92 (Mas-herrero et al., 2013). Several steps were taken
by Mas-herrero et al. (2013) to ensure validity of the BMRQ. Mas-herrero (2013) created a pool
of questions related to music experiences and tested them on three different samples. From this,
they extracted the five latent variables of Musical Reward experiences: Music Seeking, Mood
Regulation, Emotion Evocation, Sensory-Motor and Social Reward. These dimensions of music
reward sensitivity were shown to be highly reliable in two different Spanish- and Englishspeaking samples. The final 20 BMRQ items were created using exploratory and confirmatory
factor analysis.
For the music experience questionnaire, participants answered questions related to past
experiences such as information about music involvement, education and experience.
Participants completed five questions measuring music experience and one question regarding
familiarity of the song they were exposed to. Questions 1, 2, and 4 were “yes or no” questions
and Questions 3 and 5 required quantitative responses. These questions were selected to help
control music experience as a confounding variable in the study. The familiarity question was
positioned last on the music experience questionnaire.
Procedure
All participants were tested in the same area of the same psychology classroom. All
participants participated in the study individually. Upon arrival, participants sat at a desk
prepared with a Letter of Information, a Consent Form, and the three questionnaires outlined in
the previous section that measured extraversion, music reward sensitivity, and music experience
respectively. Participants were serially assigned to one of the three music tempo conditions. The
first participant was assigned to the slow tempo condition, the second participant to the regular
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condition, and the third participant to the fast condition. The fourth participant was placed in the
slow tempo condition, and so on. This pattern continued until the last participant had been tested.
Post participation, all relevant experiment paperwork relevant to the participant submitted was
marked with their tempo condition (i.e., slow, regular, fast).
After participants arrived, they were asked to read the Letter of Information and sign the
Consent Form if they had no questions and wished to continue. Participants were told to
complete the three questionnaires and to answer every question on every page except the last
question on the last page that asked about song familiarity. All participants received the
questionnaires in the following order: extraversion questionnaire, music reward questionnaire,
and finally the music experience questionnaire. A question about familiarity was included in the
music experience questionnaire. Participants rated on a five-point Likert-style scale how familiar
sounding the music was that they were exposed to. Options ranged from 1 (“don’t know it at
all”) to 5 (“highly familiar”).
After participants completed every question on every page except the last question about
song familiarity, participants were told they were going to listen to 3minutes of music.
Participants were played 3minutes of the song at their assigned tempo conditions (either slow,
regular or fast) on a Bose Soundlink 2 Bluetooth speaker. Everyone was exposed to the excerpt
at the same volume. After exposure to the music, participants completed the last question about
song familiarity. Next, participants were given a word list to review for 2 minutes. After 2
minutes, the word list was removed, and participants were asked to recall the words they could
remember and write them on a blank page, with no word order requirements. Participants were
asked to return their word recall results to the researcher when they were done. After the memory
task, participants were given a debriefing form and thanked for their participation.
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Results
Personality Questionnaire
Only questions related to extraversion and lying were scored for the purposes of this
study. The participant EPI scores were determined by adding up the total number of extraversion
related questions answered correctly. Extraversion scores were bisected at approximately the
middle point of the data to determine high- and low-extraversion-score conditions. Those with
extraversion scores of 13 or higher were designated “high extraversion” (55% of participants),
whereas those with scores of 12 or lower were “low extraversion” (45% of participants).
Music Reward Sensitivity Questionnaire
Music reward scores of 72 or lower were deemed to be “low” (53% of participants),
whereas scores of 73 or higher were deemed “high” (46% of participants).
Music Experience Questionnaire
Results of MQ #1 showed 33 of 56 participants (58%) reported they currently play music
or sing. Results of MQ #2 showed 24 of the 33 participants (73%) who currently play music or
sing reported receiving formal music training. The mean song familiarity rating was 4.11 out of
5.
Overall Analysis
A 2 X 2 X 3 between-subjects analysis of variance (ANOVA) was conducted with
extraversion (high vs. low), sensitivity to music reward (high vs. low) and tempo (slow, regular
and fast) as the predictor variables and the word recall score as the outcome variable. Results
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showed no significant main effect of extraversion on word recall, no significant main effect of
music reward score on word recall and no significant main effect of tempo on word recall.
The results also showed that the music reward X tempo interaction, the music reward X
extraversion interaction, and the extraversion X music reward X tempo interaction all failed to
reach statistical significance. The results did, however, show a significant interaction between
extraversion and tempo which is depicted in Figure 1. This figure shows that low extraversion
participants appeared to have performed better than high extraversion participants in the regular
and fast tempo conditions. The graph also reveals that high extraversion participants appeared to
have performed better than low extraversion participants in the slow tempo conditions. An
independent-sample two-tailed t-test revealed that low extraversion participants performed
significantly better at the regular tempo than at the low tempo (t (17) = 2.2, p < .05). An
independent-sample two-tailed t-test also revealed that low extraversion participants performed
significantly better than high extraversion participants at the regular tempo (t (15) = 2.5, p< .05).
A complete ANOVA summary table can be found in Appendix 1. The raw data for
tempo, word recall scores, extraversion scores, and music reward scores can be found in
Appendix 2.
Discussion
The goal of the present study was to evaluate the role of extraversion, music
reward sensitivity and tempo on recall. It was predicted that there would be an interaction
between extraversion, music reward sensitivity and tempo. The prediction that individuals high
in extraversion, high in music reward, and who are exposed to fast tempo music prior to a recall
task will perform best was not fulfilled. Overall, the prediction was not supported. This was
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Figure 1. The means representing the interaction between tempo and extraversion.
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confirmed when no significant interaction was found between tempo x music reward x
extraversion. A significant interaction was found only between tempo x extraversion.
The findings related to the role of extraversion on recall is only partially consistent with
past research. Something interesting is that the present recall results were in a different direction
that what would be predicted by Eysenck’s Theory. The present study found higher means for
low extraversion people in the regular and fast tempo conditions. One possible explanation is
that high extraversion people may have been distracted by something (even though music was
played prior to the recall task).
The findings related to music reward sensitivity and recall did not support previous
research. Ferreri and Rodriguez-Fornells (2017) discovered music excerpts rated as more
rewarding were better remembered and recognized at a later time. They also found that
individual differences in ability to experience music reward positively predict ability to recall
and recognize the music excerpt. Ferreri and Rodriguez (2017) did not find an effect of arousal
on memory, but they showed a strong correlation exists between arousal and music reward
ratings. One possible explanation is that music reward sensitivity can influence recall of music
excerpts and English words differently. Sensitivity to music reward is a new concept with limited
relevant literature on the subject. Additional research using the BMRQ is encouraged to further
the overall understanding of the role of arousal, personality and music reward on recall.
Similar to the past research in the area of music tempo and memory that has shown
inconsistent findings, the present study results add to this conflicting information. Ting and
Karthigeyan (2009) studied the effects of various tempos of music (60 bpm, 120 bpm, 165 bpm,
control) on recall while using different learning strategies. They found participants in the 120bpm condition had the best recall, compared to those in the other conditions. The present study
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used music rated Allegro for tempo, which is typically 120 to 160 bpm, but found no main effect
of tempo. There may be something special about music at around 120 bpm. Further research is
needed in the area of music tempo and its relationship with recall.
Limitations and Future Directions
One the most notable limitations of this study was the lack of statistical power due to the
small N. The present study was analysed inclusive of all extraversion scores, unlike in past
studies. Previous studies by Furnham and Allass (1999) and Furnham and Bradley (1997) used
the semi-interquartile range to divide participants into high and low extraversion conditions
through exclusion of the middle 50% of participants. Both these studies confirmed decreased
recall performance in the presence of background music in low extraversion people more than
high extraversion people. Using only participants with very high or very low extraversion scores
potentially can make the effects of music more obvious; however, this is done at the cost of
sampling representativeness or a reduction in sample size.
The method of separating high and low extraversion participants used by Furnham and
Allass (1999) and Furnham and Bradley (1997) was not practical for the present study. Both sets
of researchers had participants complete the Eysenck Personality Questionnaire as a pre-test and
then contacted only the highest and lowest scoring quartiles to continue participating. For
Furnham and Allass (1999) this process reduced participants from an initial 163 to only 48 after
the pre-test. The present study was unable to replicate this method due to study design. The
present study focused on completing all data collection in one session. In order to recruit the
highest and lowest quartiles of participants, the personality questionnaire would have to have
been scored immediately and the participants notified of their eligibility to continue, or
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participants would have to have been sent home with only some requested to return a second
time.
Familiarity could have been a confounding variable. Currently, few studies exist focusing
on the role of music familiarity on recall. Stull (2005) researched the effects of familiar music,
unfamiliar music, and no music on a recall task in aging adults. Although no significant
difference was found between the conditions, Stull (2005) determined that groups who were
exposed to familiar music had higher recall than those exposed to unfamiliar music. It would be
interesting to further explore the role of familiarity on recall in people of various ages and of
varying degrees of extraversion.
Conclusion
The present research studied personality, music reward and tempo together to reduce the
inconsistencies found across previous music-memory studies. Music tempo, volume, content,
length and complexity were all carefully controlled for consistency. Participants were assigned to
tempo condition. Volume, content, song length and complexity were the same for all
participants. This type of consistency has been uncommon in the previous studies, which makes
different variables difficult to compare. Past findings have been hard to compare and generalize
due to varying choices of music, music presentation and memory task. Ferreri and Verga (2016)
explained that these inconsistencies were due to the different approaches and paradigms used to
measure music effects on memory. They emphasized music complexity as a major confounding
variable across studies. They had reason to believe music parameters conveyed a variety of
information that leads to varying cognitive effects.
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The present study found a small interaction between extraversion and tempo. It is
possible the strength of this relationship may change depending on the demographic evaluated.
Age, gender, profession (e.g. musician vs non-musician) are all factors that could influence how
a person perceives and responds to music they are exposed to, and which can influence recall.
These factors should be considered into future studies evaluating the effects of individual
differences on recall. In addition, it could be interesting to explore the influence of these
individual differences on different types of memory tasks. Some examples of other memory tasks
are recognition tasks, delayed recall tasks, facial recognition tasks, arithmetic-related tasks. The
original study by Rauscher et al. (1993) and the present study can only generalize the results to
the type of memory task used.
Even though the interaction between tempo and music reward and extraversion was not
significant, its partial eta squared of 9% is promising. Given adequate statistical power, this
three-way interaction could become statistically significant in the future. The results of the
present study show that there is potential in studying the interaction effects of various individual
traits on recall.
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Appendix 1
2 X 2 X 3 ANOVA Summary Table
SS

df

MS

F

p

Partial η2

Tempo

8.93

2

4.46

0.77

.47

.03

Music Reward

2.85

1

2.85

0.49

.49

.01

Extraversion

6.90

1

6.89

1.19

.28

.02

Tempo X Music Reward

17.22

2

8.61

1.49

.24

.06

Tempo X Extraversion

40.36

2

20.18

3.49

.04

.14

Music Reward X Extraversion

0.07

1

0.07

0.01

.91

.00

Tempo X Music Reward X Extraversion

25.07

2

12.54

2.165

.12

.09

Error

254.77

55

4.79

Source
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Appendix 2
Participant data for Tempo, Recall Scores, Extraversion Scores, and Music
Reward Scores.

Participant
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Tempo
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
F
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
S
S

Recall
9
12
13
14
13
14
9
9
14
13
7
11
15
13
8
9
15
11
11
5
6
15
11
9
12
8
14
13
11
10
13
13
15
9
11
14
14
8
11

Extraversion
13
13
6
20
19
4
17
13
16
10
12
14
10
12
14
18
11
8
14
16
17
8
13
16
9
14
7
9
15
8
12
15
18
13
14
9
15
11
16

Music Reward
55
75
83
73
88
69
72
78
67
66
62
73
66
69
56
63
79
85
77
81
82
77
76
83
83
73
72
59
82
62
67
69
87
73
67
57
70
62
84
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Participant data for Tempo, Recall Scores, Extraversion Scores, and Music
Reward Scores.
Participant
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

Tempo
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S
S

Recall
11
12
15
11
16
9
14
9
8
7
15
10
10
10
12
11
12

Extraversion
10
20
14
8
4
10
14
17
12
11
17
15
10
7
6
13
14

Music Reward
64
77
92
74
90
80
77
64
75
79
90
68
73
72
70
71
65
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